The Streptomyces populations inhabiting five acidic forest soils were examined. It was found that lowering the pH of a medium selective for streptomycetes (starch-casein agar) to the pH of the particular soil horizon being plated influenced both the total numbers and types of streptomycetes that were isolated from the soils examined in this study. On the acidified medium both the numbers of streptomycetes and the percentage of total bacteria on the plates represented by streptomycetes increased (as compared with the same medium with a pH of 7.2). These differences were greatest on the isolations from the most acid soils. The largest concentrations of streptomycetes were found in the surface horizon (0 to 15 cm) and the litter layer immediately over the surface mineral horizon. Acidity tolerance tests demonstrated that random samplings of isolates contained acidophilic, neutrophilic, and acidoduric strains, with the largest numbers of acidophiles being found on the acidified media from the most acid soils. There were no differences between overall utilization of selected carbohydrates among the isolates taken from either the neutral or acidic media, although a larger proportion of the acid media isolates produced acid from the carbohydrates. Evidence is presented which indicates that different types of streptomycetes were isolated on the acid media, and possible reasons for the presence of these acid-tolerant populations are discussed.
The Streptomyces populations inhabiting five acidic forest soils were examined. It was found that lowering the pH of a medium selective for streptomycetes (starch-casein agar) to the pH of the particular soil horizon being plated influenced both the total numbers and types of streptomycetes that were isolated from the soils examined in this study. On the acidified medium both the numbers of streptomycetes and the percentage of total bacteria on the plates represented by streptomycetes increased (as compared with the same medium with a pH of 7.2). These differences were greatest on the isolations from the most acid soils. The largest concentrations of streptomycetes were found in the surface horizon (0 to 15 cm) and the litter layer immediately over the surface mineral horizon. Acidity tolerance tests demonstrated that random samplings of isolates contained acidophilic, neutrophilic, and acidoduric strains, with the largest numbers of acidophiles being found on the acidified media from the most acid soils. There were no differences between overall utilization of selected carbohydrates among the isolates taken from either the neutral or acidic media, although a larger proportion of the acid media isolates produced acid from the carbohydrates. Evidence is presented which indicates that different types of streptomycetes were isolated on the acid media, and possible reasons for the presence of these acid-tolerant populations are discussed.
As a group, the streptomycetes are considered to be intolerant to acidic conditions, with their proliferation restricted in acid soils. Alexander (1) stated that the streptomycetes in highly acidic environments often comprise less than 1% of the total viable bacterial count, and other investigators (2) have mentioned that the growth of streptomycetes is virtually inhibited in mineral soils having a pH value of 5.0 or less. Practical application of this acid sensitivity has been made by lowering the soil pH in potato fields to suppress development of the potato scab organism, Streptomyces scabies (B. G. Lewis, Eur. Potato J. 5:184).
Acid-tolerant streptomycetes have never proven difficult to isolate, even though they have appeared to be comparatively rare in acidic soils. Jensen (7) isolated a group of closely related acidophilic streptomycetes (now designated Streptomyces acidophilus), but found the overall occurrence of the streptomycetes in acidic Danish soils to be very low. More recently, Corke and Chase (3) examined streptomycete populations in acid, podzolic, forest soils, where they found that the numbers of streptomycetes that were isolated from the acidic soils varied with the isolation medium used and the pH of the medium. Their work, along with that of Williams et al. (15) , showed that the Streptomyces isolates from acidic soils were more acid tolerant than those from neutral or alkaline soils. These results indicated that other environmental parameters such as competition, moisture status, and available nitrogen might be just as important as soil pH in affecting the development of Streptomyces populations.
Because of the large annual additions of plant litter to the forest floor and the known diverse metabolic activities of the streptomycetes with respect to the decomposition of plant residues (10), it follows that the acid-tolerant strains would be expected to proliferate and represent a significant proportion of the total isolable bacteria. That this does not appear to be the case may be due more to the media and methods used to isolate streptomycetes from acidic soils than to inhibition by environmental factors within the soils. This study examines the effects of altering the pH of a selective medium for streptomycetes on both the numbers and certain morphological and physiological characteristics of isolates taken from five acidic forest soils.
MATERIALS AND METHODS
Description of sampling sites. The five soil series selected for study are located in Benton County in 368 west-central Oregon. Some of their properties are listed in Table 1 , and the methods used in determining the soil characteristics have been previously described (5) . The Marty and Nekia are both mountain soils that developed from quartz diorite and are under a douglas-fir forest with a light, mixed shrub and fern understory. The Marty is found at the higher elevations and on the steeper slopes. Both are highly leached, reddish-brown in color, and very strongly to extremely acid. The Dixonville and Jory are terraced soils derived from weathered basaltic colluvium in the areas used as sampling sites. Both are under a mixed forest of douglas-fir, alder, and Oregon white oak with a medium, mixed shrub, and vine understory and are found on foothills bordering mountainous uplands. Both are highly leached, dark reddish-brown in color and are medium to strongly acid. The Dayton is formed from stratified alluvial deposits, is a valley soil and is poorly drained. The Dayton was formed under a mixed forest of ash, alder, big-leaf maple and grand fir with a heavy, mixed shrub, grass, and vine understory in the area used as a sampling site. The Dayton is slightly leached, dark brown in color, and neutral to slightly acid.
At each sampling site, an 81-mi grid (9 m by 9 m) was marked out and subdivided into nine subgrids, each measuring 3 M2. One core sample was collected from the approximate center of each subgrid by using an Oakfield orchard auger (Oakfield Apparatus Co., Oakfield, Wis.) with appropriate extensions and a 7.5-cm diameter sampler. The depth of the various horizons was determined on test pits outside of the sampling grid. Contamination between horizons was avoided by placing a sterile sampler on the auger at the appropriate depth for removal of the samples were transported to the laboratory, where zon. The samples were taken from an area within each subgrid that was comparatively free of visible plant roots. The samples were removed from the soil, the ends of the samplers were covered, and the samples were transported to the laboratory where platings were performed within 48 h of sample collection. One sampling site was maintained on each of the five soil series, and samples were collected six times at 4-week intervals over a 24-week period covering February through June 1975. During this interval the weather was mild with periods of rain, and none of the sites was saturated during the sampling periods. Three days before each sampling period, additional cores were removed for pH determinations to allow for media preparation.
Isolation of streptomycetes. The cores were removed from the samplers and, using sterile spatulas, the various horizons in each core were cut open and a 50-g portion was aseptically removed from the approximate center of each of the horizon samples to avoid any possible contamination. The nine cores from each sampling site were treated in this fashion; all nine 50-g portions from each separate horizon were placed in a sterile plastic bag and thoroughly mixed, and portions were withdrawn from these composites for the platings.
A 50-g portion was then aseptically removed from each sampling site composite from each horizon and suspended in 450 ml of sterile 0.5% peptone buffer.
Each sample was then agitated in a Waring blender for 3 min at low speed, serial dilutions in 0.5% peptone buffer were made, and 0.1 ml portions of appropriate dilutions were spread over the surface of sterile media in petri plates. The streptomycetes were isolated on the starch-casein medium developed by Kuster and Williams (9) , modified with antibiotic supplements to inhibit fungi and other bacteria (14) . The pH in one set of plates was adjusted to 7.2 and, in a second set, adjusted to the pH of the particular soil horizon being plated. For those horizons where the pH was below 5.0, the medium (without agar) was adjusted to the pH of the particular horizon using KH2PO4 solution (15), whereas the agar solution was autoclaved separately at pH 7.0. After sterilization, the medium and agar were separately cooled to 65°C and then combined. The 65°C temperature was found to be necessary to achieve complete mixing of the agar. The medium plus agar was then lowered to 45°C, and the pH was then readjusted to the appropriate value using sterile KH2PO4. The antibiotics were prepared by dissolving the proper amounts in a 1:1 solution of distilled water and 95% ethanol, filter sterilizing, and adding to the cooled, autoclaved medium. After being inoculated, the plates were incubated at 25°C for 14 days. Five replicates were performed on each plated dilution.
After incubation, colonies were counted, and the streptomycetes were identified according to the descriptions by Kuster and Gottlieb (9) . Isolates were randomly picked within a suitable dilution series by superimposing the plates on a numbered grid and using random number tables to choose the isolates. Selected colonies were restreaked on starch casein agar of the same pH to check for purity and then stored at 4°C on the same medium. Five isolates were randomly picked from each series of plates from each horizon for every sampling period. This generated 100 isolates per sampling period, 50 from each series (neutral pH and adjusted pH), since the third series containing the additional antibiotics (penicillin, polymixin B sulfate) was discontinued after the first sampling period.
Initial characterizations of isolates were performed on cultures isolated only from the 0-to 15-cm and 65-to 80-cm depths of each soil series and included color of the aerial mycelium, color of the basal mycelium, presence and color of any watersoluble pigments, and morphological characteristics of the spore-bearing hyphae. The the media to allow determinations of acid production in addition to carbohydrate utilization, and maltose, ribose, and galactose were added to the ISP list of carbohydrates, whereas cellulose was not used. For the acidophilic isolates, the pH of the carbohydrate medium was lowered (with 0.1 N HCl) to either 4.0 or 5.0, and bromophenol blue (0.016 g/liter) was added as an acid indicator. Inoculations of media in the culture tubes were performed with a pipette, a much faster method than streaking agar plates. Tests of significance using Student's t test were performed to determine whether or not differences among the isolates concerning carbohydrate utilization and acid production were significant, and confidence intervals were calculated at the P = 0.95 level (13) .
RESULTS
The soil pH for the different horizons was determined before each sampling period, since it was essential that the pH in one series of plates be adjusted to that of each individual horizon. The data for the pH values in Table 1 are averages of all six sampling periods, since the pH usually fluctuated between ±1.0 pH unit depending on moisture content, temperature, microbial activity, and other factors. Except for the profile pH determinations (Fig. 1) , research was, for logistical reasons, restricted to isolates taken from the horizons that occupied the 0-to 15-cm and 65-to 80-cm depths. The 0-to 15-cm depth contained the greatest numbers of streptomycetes ( Fig. 1) , whereas the lower depth was chosen both for purposes of comparison and because the 65-to 80-cm region was, in all five soil series, located in a relatively wide horizon that facilitated sampling. Figure 1 represents the Streptomyces counts on both neutral and adjusted agar and the soil pH as a function of depth for each soil series. Reducing the pH of the selective medium to the pH of the particular soil sample being plated greatly increased the recovery of streptomycetes from acid soils, and the difference between the counts on the neutral and acidified media was greatest in the most acid soils. The largest concentrations of streptomycetes were found in the surface horizon and the 02 (litter) layer lying immediately over the surface mineral horizon. In all of the soils the numbers of streptomycetes decreased below the 30-cm level, although the rates of decline differed. The most rapid decline in numbers occurred in the 30-to 90-cm level in the Marty and Dixonville series, whereas the rate of decline was considerably less below the 90-cm level. The rate of decline in the Jory series was fairly consistent throughout the soil profile, whereas in the Nekia and Dayton series there was a The results in Fig. 1 represent averages of both Streptomyces counts and soil pH determinations over all six sampling periods. Starch-casein agar was used as the basic selective medium because it appears to be the best available at present (9, 14) and is less difficult to prepare and use than some other formulas (6) . Initial experimentation was perfonned to deternine the effects of the antibiotics polymixin B sulfate and penicillin, which are meant to inhibit bacteria other than the streptomycetes, alone and in combination with the antifungal antibiotics mycostatin and actidione. The results (data not shown) were in agreement with those of Davies and Williams (4) and indicated that the inclusion of polymixin B sulfate and penicillin decreased both the numbers and the variety of different types of streptomycetes that developed on the starchcasein agar. The antifungal antibiotics, however, were found to be essential in eliminating the majority of fungi from the medium, especially on those plates in which the pH was lowered. Table 2 lists the means of counts of the streptomycetes on both the neutral and adjusted medium along with the total counts of all bacterial colonies that developed on the agar and the percentage of the total counts represented by the streptomycetes. Members of the genus Streptomyces were separated from other closely related genera (Nocardia, Streptosporangium, etc.) by morphological characteristics (12) . Because the streptomycetes were much more abundant than any of the other related genera (that grew on the selective medium), initial research has dealt only with the Streptomyces populations. The non-streptomycete actinomy- cetes were very seldom encountered on either the acidified or neutral pH media, so no comparisons could be made regarding the sensitivity of these bacteria to the pH of the isolation medium. The Streptomyces counts were 0 to 25% higher on the adjusted medium than on the neutral medium for the Dayton and Jory series, 35 to 45% higher for the Dixonville series, and 80 to 250% higher for the Nekia and Marty series ( Table 2) . Lowering the pH in the adjusted series did not markedly alter the total numbers of all types of colonies that developed when compared with the unadjusted series of plates in which the pH was maintained at 7.2, except in the B horizon of the Marty and Nekia series. However, the percentage of the total counts represented by streptomycetes decreased on the neutral medium from a high of 60 to 70% in the Dayton series to 16 to 20% in the Marty series (the most acid soil), but on the adjusted media, the percentage only decreased from a similar high (60 to 70%) in the Dayton series to 40 to 50% in the Marty series. A cursory examination into the non-streptomycete colonies (as reflected in the total counts column in Table 2 ) indicated that on the neutral medium there was a considerable proportion ofthe total counts represented by both gram-negative and other gram-positive isolates, whereas on the acidifled media the other gram-positive isolates were very substantially reduced. Thus, the non-streptomycete bacteria that grew on the acidified media consisted largely of acid-tolerant, gram-negative isolates. Table 3 presents the results of testing the Streptomyces isolates with respect to their ability to tolerate a wide range of pH values. In every case, the greatest proportion of the streptomycetes grew at those pH values closest to the pH of the medium from which they had been originally isolated. Those from the adjusted media in the more acid soils (Marty and Nekia) were far more tolerant of acid conditions, since from 66 to 100% of the isolates grew at pH 3.0, whereas only 7 to 23% of the isolates from the neutral medium grew at a pH of3.0. In the less acid soils (Dayton and Jory) in which the pH of the adjusted isolation medium was much closer to that of the neutral medium, there were correspondingly fewer isolates that grew at the more acid pH values, whereas all of the isolates developed at the less acid pH values. Acidophilic, acidoduric, and neutrophilic streptomycetes were found among the isolates tested in Table 3 . In the Marty series, for example, from 77 to 82% of the isolates (from the adjusted master plate) that grew at pH 3.0 did not grow at pH 7.0, whereas 83 to 88% of the isolates from the neutral master plate that grew at pH 7.0 did not develop at pH 3.0. The numbers of acidophilic streptomycetes were greatest in the most acid soils (Marty and Nekia) and were lowest in the least acid soils (Jory and Dayton), whereas the proportion of neutrophilic isolates was greatest in the least acid soil (Dayton), in which approximately 95% of the isolates that grew at pH 6.0 to 7.0 did not develop at pH 3.0.
The same isolates that were tested for pH tolerances were also examined for their capabilities to both grow and produce acid from a variety of carbohydrates (Table 4 ). There was no significant difference (accepting a 10 to 12% difference as random variation) between the isolates from the neutral and adjusted pH media with respect to utilization of the carbohydrates. However, as the soils became more acid, an increasingly greater number of isolates from the adjusted pH medium produced acid while utilizing the carbohydrates. The same trend can be seen on the isolates taken from the more acidic soils on the neutral pH medium, although to not as great a degree as the acid production by the isolates from the adjusted medium. There were significant differences in the production of acid between the isolates on the two different media from the Marty (-31%), Nekia (-29%), and Dixonville series (&19%). The differences for the Jory and Dayton series were not significant at the P = 0.95 confidence level.
DISCUSSION
The results from the determinations of the Streptomyces populations in the various soil horizons (Fig. 1) indicated that even though the greatest numbers of streptomycetes in the acid horizons developed on a medium adjusted to the same pH as the soil, there was a certain proportion of strains that could make the adjustment from an acid soil onto a neutral medium. The soil pH was most acid in either the litter layers or the surface horizons and became less acid in the deeper horizons in all five soil series, and the greatest numbers of streptomycetes (on both the neutral and adjusted medium) were found in the acid litter and topsoil horizons. This is in general agreement with the investigation by Williams et al. (15) , in which it was reported that acidifying starch-casein agar greatly increased the yield of streptomycetes isolated from acidic soil horizons. However, these investigators reported that only a very few (<3%) of the streptomycetes from the acid soils were able to develop on a neutral medium, whereas the results from Fig. 1 and Table 2 indicated that this proportion was substantially greater for those soils examined in this study. Also, the total numbers of streptomycetes determined by these authors were at least 10-fold lower (than those reported here) in all horizons, except the litter layer immediately over the topsoil.
Davies and Williams (4) used starch-casein agar at a neutral pH on a pine-forest soil with an acid A horizon (pH 4.5) and an alkaline B horizon (pH 8.5) and examined both the numbers of streptomycetes and soil pH. They found the greatest numbers of streptomycetes were isolated from either the neutral or alkaline horizons, whereas in the acid topsoil the numbers of streptomycetes that developed were greatly reduced. Results reported here (Fig. 1, Table 2 ) and in other investigations (8, 16 ) would indicate that lowering the pH of the medium would have increased the yield of streptomycetes from the acid horizons. Corke and Chase (3) examined the streptomycetes inhabiting an acid podzol and a neutral mull soil. They found far greater numbers of streptomycetes in the neutral soil, and they reported that lowering the pH of the isolation medium below 5.0 greatly inhibited the development of streptomycetes from the acid soil. However, these authors did not use starch-casein agar; this makes it possible to speculate that their results were an effect ofthe media they used rather than a parameter of the soils that were examined.
The results in Table 3 indicated that streptomycetes could be isolated from all five soils on both the adjusted and neutral media, and the more acid the soil, the greater the proportion of isolates that would develop on the acid media. This is in contrast to a report by Corke and Chase (3) , who were unable to detect growth of any of their isolates (including those from the acidic soil) at pH 3.0. They did obtain growth at pH 4.0 and 5.0 by approximately equal percentages of their cultures to those reported here for the acid soils; however, none of their isolates from the neutral soil grew at or below pH 4.0. In similar experiments, Williams et al. (15) were able to divide their isolates between acidophiles and neutrophiles based on pH characteristics. They found that a pH below 4.5 inhibited virtually all streptomycetes except acidophiles. Their adjusted isolation medium (starch-casein) was maintained at a pH of 4.5, and the numbers of acidophiles they reported (those strains that grew at pH 4.5 but not at 7.0) were considerably fewer than those reported here. The acidophilic strains isolated from the most acid soils (Table 3) appear to share the same pH requirements as the S. acidophilus isolates originally described by Jensen (7) .
The carbohydrate tests (Table 4) were performed to determine whether or not the acid tolerance of the isolates from the adjusted media would be reflected in acid production. The results indicate that this was the case, since the isolates from the most acid soils on the adjusted medium metabolized the largest proportion of carbohydrates accompanied by acid production. Closer inspection of those isolates that produced acid indicated that it was largely the acidophilic and acidoduric strains isolated from the adjusted medium and the acidoduric strains from the neutral medium that were responsible for the greatest proportion of positive scores with respect to acid production. Kahn and Williams (8) isolated acidophilic actinomycetes from a variety of soils and, on taxonomic analysis, found that the acidophiles differed from the neutrophiles on a variety of physiological tests in addition to pH tolerances. Their results are in agreement with those in Table 4 : they found no difference in the utilization of a variety of carbohydrates, although they did not report any results concerning acid production.
The conclusions of this investigation are in general agreement with other reports (8, 15) in that it appears that the streptomycetes are widespread in acid soils and can be detected if the pH of the selective medium is lowered and antifungal antibiotics are used. These acidophilic strains have probably been overlooked in the past when a neutral pH medium has been used. However, this paper demonstrates the existence of acid-tolerant populations in concentrations above any of those reported in the literature (Fig. 1, Table 2 ) and, in addition, appears to be the first report that demonstrates the existence of a sizable proportion of acidoduric isolates (Table 3) as well as both acidophiles and neutrophiles. In addition, reflection of trends in pH tolerance as indicated by acid production from carbohydrates (Table 4) has not been previously described.
Even though pH adjustments were strictly adhered to in this study, this may not be necessary since soil pH is in a state of constant flux and varies greatly, depending on how it is measured and its relationship to a variety of other soil factors. However, because of the abundance of exchangeable hydrogen in the three most acid soils, it is not illogical to assume that most of the microbial population will be subjected to differing degrees of acidity even though pH values in the many complex soil microenvironments may vary widely. This exposure would, in time, encourage the development of acidtolerant strains through natural selection. 
